Abstract. Unsteady laminar flow of a dusty, viscous, incompressible fluid through a cylindrical tube of rectangular cross-section is studied when the pressure gradient varies (i) exponentially and (ii) harmonically w.r.t. time. The velocity fields for the fluid and the dust particles have been obtained. Results in limiting cases are derived. Flux and drag have been calculated. Flow through a tube of square section and flow between parallel plates have been obtained as special cases.
The study of the motion of dusty viscous fluids has recently attracted a number of workers since the publication of Saffman's investigationst, which reveal the effect of the dust particles on the stability of the laminar flow of an incompressible fluid with uniform mass concentration of dust particles. Such situations arise, for example, in problems of fluidization; in sedimentation; in the use of dust in gas-cooling systems; in the movement of dustladen air; and in tidal waves.
Michael and Miller2 and Mathur3 et al. have studied the plane parallel flows, while Michael and Norey4 Sambasiva RaoS, Tewari and Bhattacharjee6, Newal Kishore and Pandey7 and Rukmangada~hari~~~ have all considered dusty fluid flows in circular tubes under various situations. Rukmangadacharilo911, has recently investigated flow of dusty fluid through pipes of elliptic and triangular cross-sections.
In this paper, we have discussed the flow of a dusty viscous fluid through a cylindrical tube of rectangular cross-section under the influence of a pressure gradient (i) varying harmonically with time and (ii) varying exponentially with time. Expressions for the velocities of the fluid and dust particles have been given in the form of infinite series and results in the extreme cases deduced. Physical quantities of interest viz., flux and drag have been evaluated. Results for the particular case of flow between parallel plates have been deduced and those relating to a tube of square section are obtainable by putting b = a. cos l a ( A -a,
Formulation and Solution of the Problem
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Flux and Drag
The volume of fluid discharged per unit time over any cross-section of the cylinder is given by and the drag per unit length on the surface of the walls of the cylinder is given by where T Z Z and TVZ are the shearing stress components in z-direction on the surfaces x = a and y = b respectively. Since, for each in, the Eqns. (25) and (26) can be put in the following forms, on taking the reaI parts and retaining terms up to 0 ( I h 1%) only. h .
Further, if we put b = a in the expressions got above, the results for the flow through a cylinder of square cross-section are obtained.
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Flow Between Parallel Plates
Letting b + 00, we obtain from Eqns. (15) and (16) , the velocities of the fluid and dust particles respectively for flow between parallel plates x = & a under the influence of periodic pressure gradient, as
For small values of ] A ] when the distance between the plates is small, we have up to ~( I A I * )
The first part gives the velocity field for the clean fluid, up to zeroth order of I A j , whose profile, as it is well-known has the parabolic form. 
2.
It is observed that the velocity of the dusty particles is always smaller than that of the dusty fluid, while the latter itself is smaller than that of the clean fluid.
3. The velocity of dust particles vanishes along with the fluid velocity on the boundary. This shows that the dust particles adherz to the boundary. (29), we note that the presence of dust particles in the fluid is to decrease the flux and increase the drag on the walls of the cylinder by amounts
From Eqns. (28) and
respectively, which can .be expected from the physical considerations, qualitatively. Now, for small r , we have which shows that the additional drag due to the presence of dust decreases as r increases up to a critical level, given by rolt = 1/2/0. This agrees with Saffman's observation that, when T is small, which corresponds to the case of the dust being fine, the effective kinematic viscosity is reduced. Also, for exponential pressure gradient the corresponding result is -rtcrit = Ijo SO that the critical value of T for periodic pressure gradient is 4 2 times greater than that for exponential pressure gradient.
6.
Again, for large 7 Long time after completing the solution of the above problem, the author has recently noticed that the problem of vibrating membrane with its edge vibrating in a , prescribed manner is similar to the one considered in case (i) above. If we, therefore, write h2 = -m2, Eqns. (9) and (10) which agrees with the result in case (i) of periodic pressure gradient above.
Numerical Results and Discussion
With a view to have an insight into the behaviour of the various parameters involved in the expressions for.physica1 quantities, numerical work has been done and the results are presented in Tables 1 to 4 and Figs. 1 and 2.
In Table 1 . dust f. They show that flux increases with frequency parameter 0 both for clean and dusty fluids. Also, flux decreases when dust is added to the clean fluid and the decrease is more as mass concentration of dust f increases. Further, we notice that drag decreases with o for clean fluid as also for dusty fluid and that drag increases with f, though at high frequencies the increase is small. Table 3 shows the values of drag against t, from which it is noticed that drag decreases as time t increases. The rate of increase in drag with f is almost uniform for all t Table 4 gives the values of velocities of clean fluid wa",; and dusty fluid W P , S (Eqn. 41) for the flow between parallel plates. This clearly shows the reduction in velocity with the addition of dust, the dusty fluid becoming slower with increase in the value of f. The velocity for clean and dusty fluids reduces as 't' increases.
From Fig. 1 , we observe that the flux curves for the clean and the dusty fluids become closer with the increase in 0. The clean and the dusty fluid curves are closer for small f and are far apart for large j' when the frequency a is small. Finally, Fig. 2 shows clearly that the addition of dust reduces the speed of the fluid flow. The parabolic curve of the classical nondusty fluid becomes blunt at the midpoint between the parallel plates with the addition of dust, which shows that the dust has a damping effect on the fluid flow.
